Behavioural consistency (i.e., personality) is a novel field of research in amphibians. 13 Current published studies often address only one or two aspects of personality and 14 therefore cannot assess more complex relationships and behavioural syndromes. This is 15 the first study focusing on all relevant behavioural traits and their relationships in 16 urodele amphibians. Based on the three trials of the experiment, we examined the 17 consistency of activity (time spent moving), boldness (latency of the first movement and 18 time spent escaping) and exploration (number of visited segments of testing arena) of 42 19 smooth newts (Lissotriton vulgaris). Individual consistency, calculated through the 20 intraclass correlation coefficient (ICC), was low in newt activity (ICC = 0.192) and 21 moderate in boldness (0.476) and exploration (0.403). Activity was moderately 22 consistent for each trial (0.425), indicating a possible habituation, supported by a 23 decrease of mean activity throughout the trials. Correlation of the behavioural traits 24 2 studied suggests the presence of a behavioural syndrome, which potentially shaped the 25 traits together. Our findings suggest the need for a complex approach to the study of 26 amphibian personality and the need for standardized methodology, which would solve 27 the current difficulties in comparing published results. 28
Introduction 29
Behavioural consistency (i.e., personality) is a well-known phenomenon studied in 30 many taxa (Gosling 2001 and have yet to consider the consistency of remaining personality traits -aggressiveness 48 3 and sociability (Kelleher et al. 2017) . Most of these studies (none of which consider 49 urodeles), however, address only one or two of these behavioural traits (axis of 50 personality) and usually cover some specific problem, not personality per se. There are 51 also differences in approaches to behavioural consistency, because some studies cover 52 differences across time (e.g. Wilson Therefore, the aim of our study was to measure the consistency of main behavioural 56 traits-activity, exploration and boldness-in one experiment to examine the main 57 types of behavioural responses and to focus only on temporal consistency while 58 reducing other factors. Furthermore, we wanted to assess the correlations between these 59 behaviour types (i.e., the existence of behavioural syndrome). 60
Methods 61
Experimental design 62
The experiment was carried out in laboratory conditions at the Czech University of Life 63 Sciences in Prague. For a model organism, we chose the urodele that was most 64 abundant locally, the smooth newt (Lissotriton vulgaris). At the start of the reproductive 65 season in the beginning of May 2017, 21 males and 21 females were captured by nets in 66 a single pond in the Stará Lysá village in the Central Bohemia region. The newts were 67 housed separately in plastic containers of dimensions 18 × 12 × 14 cm that were filled 68 with aged tap water, and the newts were fed Daphnia and Chironomidae larvae ad 69 libitum. The air temperature in the laboratory was constant and set to 17°C. Sufficient 70 light intensity in a diurnal cycle was provided by the translucent roof of the laboratory. 71 4 The experiment itself was conducted between 13 th and 27 th May in two experimental 72 arenas made of non-transparent round green water barrels with bottom diameters of 80 73 cm. Using a non-toxic waterproof marker, a square grid of 7 cm segments was drawn at 74 the bottom to better assess the position of each newt. The arena was filled with 5 cm of 75 cold tap water (10.8-11.2°C), and after each recording, the water was changed, and the 76 arena was thoroughly cleaned with a clean sponge, pressurized water and then left to 77 dry to eliminate any potential chemical cues that remained from the previous individual 78 tested. 79
Each trial of the experiment was 12 minutes long. Behaviour was recorded at 25 frames 80 per second with a full HD camera, positioned approximately 150 cm above the water 81 level. Newts were separately inserted under the transparent glass dome (10 cm 82 diameter) into the centre of the arena and left to calm down for the first two minutes. 83
Then, the dome was carefully removed in a motion perpendicular to the ground, and the 84 recording was initiated. To measure the temporal repeatability of the behaviour, each 85 individual was recorded three times with a six day gap between each recording, which 86 was the longest gap possible before the newts started to shift to the terrestrial phase of 87 the season. Unfortunately, three videos were lost due to technical difficulties in the last 88 trial of the experiment, so the total number of analysed videos was 123. Each model was also tested for the effect of time of day, when the experimental trial 120 took place. Because the dependency on time is rarely linear, we decomposed this 121 variable to sine and cosine of time in radians to accommodate for its periodical nature. 122
Upon meeting all underlying assumptions, models were evaluated using Type II Wald 123
Chi-squared tests. The time of day, nor the sex of the newts didn't affect any of tested 124 variables (see Supplementary information for the details) and were therefore not 125 included in repeatability analyses. 126
Individual consistency (repeatability) in measured traits (dependent variables from 127 previous models) was calculated using the intraclass correlation coefficient (ICC), 128 computed from the variance components of models similar to previous ones, but with 129 no fixed effects and the trial number as a second random variable. Note that adding trial 130 number as a random intercept allowed us to estimate its' consistency, i.e. the between 131 subject similarity in measured traits expression during each trial of the experiment and 132 estimate individual repeatability stripped from the effect of trial order. 133 activity was significantly repeatable. Activity among the newts was also significantly 153 repeatable within trials of the experiment (ICC = 0.416) (for details, see Table 1a and 154 proportion of walking activity was fairly consistent for individuals (ICC = 0.373) but 173 not for each trial (ICC = 0.046) (for details, see Table 1a and Table 1b ). 174
Exploration 175
Similar to activity, there was a significant difference between each trial of the 176 experiment (P = 0.01, see Supplementary information). The initial mean of 27.8 177 explored squares decreased by 2.5 % in the second and by 18 % in the third trial. 178
Exploration was significantly repeatable for each newt with a moderate ICC (0.403). In 179 contrast to activity, there was no repeatability for the exploration in each trial (ICC = 180 0.051, see Table 1a and Table 1b ). 181
Boldness 182
Boldness was measured as the latency to move and the time spent with an escape 183 response. Latency to move was not dependent on any tested variables (see 184 (ICC = 0.022, see Table 1a and Table 1b) . amphibians. Up to date, there is, however, no review comparing the magnitude of 214 behavioural trait consistency of said studies. Therefore, in attempt to compare our 215 results to the remaining works, we reviewed available literature in Table 2 . Out of 16 216 reviewed studies, five addressed urodeles, but only three provided repeatability 217 estimates, none of which had more than two repeated measurements. Furthermore only 218 one of described urodele studies provided evidence for temporal repeatability of a 219 personality trait (exploration) (Gifford et al. 2014 ). If we include the works that 220 compare behaviour in different odour treatments (no, conspecific or predator odour), 221 observed repeatability in our study was lower for general activity and similar for 222 boldness and exploration, though the unbiased comparison is impossible, due to 223 substantial differences in used methods. Table 2 ). The greatest variability was between different arena structures in 231
Lithobates catesbeianus, being lowest in the rock-filled enclosure and highest at the 232 plant-filled enclosure (Smith and Doupnik 2005) . When tested with different time gaps 233 between repeated measurements, the differences in the repeatability of activity were not 234 apparent (Maes et al. 2012 ). Furthermore, overall repeatability of activity of larval and 235 post-metamorphic amphibians did not differ much, but no study provided the 236 comparison between multiple life stages of the same individuals, probably due to vast 237 differences in locomotor abilities of larval and post-metamorphic anurans. 238
Exploration 239
Multiple behaviour patterns were observed for exploration. Most of the newts started 240 the trial with a quick escape response and then commenced with the exploration of the 241 outer ring of the arena, rarely visiting the inner parts. A smaller group was startled at 242 first and then explored the inner parts of the arena, eventually reaching the outer ring. 243
The repeatability of exploration in our study was almost identical to the results reported 244 by Gifford et al. (2014) for Desmognathus brimleyorum, measured in the same time 245 frame of three weeks. Unfortunately, we were not able to test for the reduction in 246 repeatability with time, as they did. Anuran research showed differences in the 247 consistency of exploration between naïve tadpoles of two different age groups and pre-248 spent mobile and number of mobile events, that all showed different repeatability (Table  260 2). The strength of correlation (repeatability) should therefore not be the main indicator 261 of the suitability of certain measure as the best representative of exploration behaviour. 262
The studies are in need of standardized approaches if they are ever to be compared 263 effectively. 264
Boldness 265
In our study, the repeatability of boldness was present only for the escape response, 266 which is a similar measure to that of Carlson and Langkilde (2013) , who counted the 267 number of square sides on the inner portion of the test arena crossed by an individual 268 and which is also a measure of thigmotaxis. Their results are less precise, and the 269 estimated coefficient is lower even though measured with the shorter 24 h breaks 270 between trials (see Table 2 ). The accuracy of latency of the first movement, as the 271 measure of boldness, was impaired for our study by the inability to consistently raise the 272 glass dome in the centre of the arena at the start of the experiment. We suspect this to be 273 issue in other studies as well, deeming this method impractical. This problem can be 274 mitigated by changing the first movement to a movement longer than one body length 275 (Wilson and Krause 2012), but in our opinion, it is better to choose a completely 276 different option, e.g., shelter use, escape initiation distance or thigmotaxis. (supported by Kelleher et al. 2017 ). There does not seem to be any difference between 283 larval and post-metamorphic amphibians or between different time gaps in repeatability 284 measurements (see Table 2 ). 285
Trial repeatability 286
Activity and exploration significantly decreased with each trial of the experiment, which 287 suggests that habituation may have taken place (but see Carlson and Langkilde 2013) . 288
Except for activity, no behavioural trait was repeatable for each trial of the experiment. 289
This could mean that the magnitude of habituation varied individually, i.e., individuality 290 was stronger than habituation (see Fig. 1 ). For activity, its repeatability for each trial of 291 the experiment was, unexpectedly, followed by low repeatability of both walking and 292 swimming. Other than habituation, another less likely explanation is that the decrease in 293 the expression of behaviour traits could have been caused by insufficient time between 294 the trials of the experiment, allowing newts to remember the last trial. Unfortunately, it 295 was not possible to allow more time between the trials because we feared that newts 296 might switch to the terrestrial phase and change their behaviour. Nevertheless, most 297 amphibian personality studies had an even lower gap between repeated measurements 298 (Table 2 ). Habituation recovery time is unknown for the studied species. For the 299 common toad, however, Ewert and Kehl (1978) stated that 6-24 h is long enough for 300 recovery from habituation to an artificial rectangular-shaped prey dummy. 301 open field test, do not have to be correlated. More movement does not necessarily 319 translate into more squared explored, nor imply more movement near the edge of the 320 arena. In our case, active individuals tended to explore more and were less bold, 321 spending more time escaping. This behaviour might also be a result of a common 322 selective pressure, favouring individuals with a greater insight on the situation in their 323 home pond. The predation rate in the pond was, however, low (pers. obs.), and thus the 324 pressure might be of a reproductive nature. Increase in locomotion activity has been 325 found to benefit in mate searching (Martin et al. 1989 ), which might result in a 326 correlation with sociability, but we are not aware of any studies researching 327 aggressivity. Because of the absence of behavioural differences between sexes, this 328 pressure might be beneficial for both males and females or at least not harmful for 329 either. Whatever the cause, correlated behaviours, i.e., behaviours that are part of a 330 syndrome should not be studied in isolation because they develop as a group (Sih et al. 331 2004) . To study behaviour syndrome completely, it would also be beneficial to test if 332 the correlations persist in different situations and ecological contexts. 333
In conclusion, amphibian personality research is sparse, and findings differ considerably 334 in both approach and results. Behavioural consistency is often studied on a small scale 335 in relatively specific conditions, and behavioural correlations are sometimes neglected. 336
We believe that a more complex approach (measuring more types of behaviour) and 337 standardized methodology (i.e., definition of behaviour types, correlation in time and 338 different situations, standard time gap between repeated measurements, number of 339 repeated measurements, duration of experiment and sampling effort, and test arena 340 shape and size) is due. Only then it would be possible to make general assumptions on 341 the global nature and consequences of studied phenomena. 342
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